The paper presents an electronic self-oscillation acoustic system (SAS) destined to measure of stresses variations in the elastic media. The system consists of piezoelectric detector, amplifier-limiter, pass-band filter, piezoelectric exciter and the frequency meter. The mass rock plays a role of delaying element, in which variations in stresses causing the variations of acoustic wave velocity of propagation, and successive variation in frequency of oscillations generated by system. The laboratory test permitted to estimate variations in frequency caused by variations in stresses of elastic medium. The principles of selection of frequency and other parameters of the electronic system in application to stresses measurement in condition of the mine were presented.
Introduction
Autodyne systems are widely applied in radio engineering for monitoring of changes in tested object [5, 6] . In mechanics and geophysics autodyne systems are used much rarely. Given paper describes a self-exiting acoustic system of autodyne type destined to measurements of stressed changes in elastic media.
The structure of mentioned systems consists of amplifier with feedback loop of such properties, that the entirely system is unstable and generates oscillations. The function of sensitive element is performed by elements of feedback loop, which properties are depending on variations of measured value. As the final effect the frequency of self-oscillations is a measure of variations in input value. * E-mail: kwa j@agh.edu.pl † E-mail: y.kravtsov@am.szczecin.pl ‡ E-mail: dominik@agh.edu.pl § E-mail: l.dorobczynski@am.szczecin.pl Self-oscillation acoustic system destined to measurement of stresses in mass rocks
Basic equations of SAS
Lets consider self-oscillation acoustic system, presented in Fig. 1 , which consists of
• piezoelectric detector PD
• amplifier-limiter A-L
• pass-band filter F
• piezoelectric exciter PE
• delaying element DE
• frequency meter FM Figure 1 . Basic schema of self-oscillating acoustic system which varies frequency under influence of stress in delaying element Input of A-L is a harmonic signal described by amplitude U , frequency ω and phase angles ϕu:
Output signal v(t) of non-linear A-L contains the basic frequency as well higher harmonics:
Amplitudes of harmonic components are depending on amplitude of input signal U. The most important is the first component of sum (3):
Non-linear characteristic of amplifier-limiter is shown in Fig. 2 , under assumption, that an amplifier is saturated after increasing of amplitude U . Admittance of such filter for the frequency ω can be written as:
where the real part of the admittance G contains the inner conductance of current source Gz, component GF describes energy loss in the filter, and finally Gw component describes energy loss in piezoelectric exciter:
The output signal of A-L was presented as parallel connection of current sources, corresponding with successive harmonics ω, 2ω, ...mω. The basic component of W (t) on the filter output can be described as
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where Wω denotes the absolute value, and ϕw -phase angle of the complex amplitude:
which is connected with amplitude of first harmonic F1(U ) by relationship:
where Y (ω) denotes filter admittance. It implies that:
as well as :
The complex amplitudes of higher harmonics are described using formulae analogous to (8)
The absolute value of admittance Y (mω) is significantly greater than absolute value of admittance Y (ω) for values of ω, nearly to resonant frequency ω0 = 1/ √ LC, for which Y = (ω) ≈ G, so that : |Ŵmω| |Ŵω|, which permits to omit the influence of higher harmonics, and to perform the analysis using only component (6) .
Voltage signal (6) drives the input of PE, exciting acoustic waves in delaying element DE, forming the feedback
where:
k-coefficient of damping and energy lossess in delaying element.
Substituting (11) to (12) we obtain:
Comparing (13) with the formula describing input signal of the amplifier (1), we can to obtain the equation of phase balance:
which determines the frequency of self-oscillations. Simultaneously we have the following equation of amplitude balance,
which permits to estimate the necessary gain factor of A-L element and to determine the amplitude of selfoscillations.
Relationship between frequency of self-oscillation and stresses
The dependence of left side of phase balance equation (14) on the frequency is shown in Fig. 4b , where:
The pass band of resonant circuit of Q factor ∆ω = ω0 −
can cover the some frequencies ωn corresponding with the different values of index n. To avoid generation of multiple frequencies, the following inequality has to be fulfilled:
Using the estimation :
which corresponds the omitting of component in (14) we have:
In such conditions frequency can be determined as follows:
Deriving (20) with stress σ as the independent variable we obtain:
Formula (21) is a basic to determine the stresses variation using SAS. Lets take in account phase component in equation (14) by approximation:
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Where T =
denotes time constant of resonant circuit.
Substituting (21) into (13) we have:
and:
As result, instead equation (21) we have equation: 
which allows to write:
As result we obtained that, the sensitivity of variation in frequency caused by variation in temperature is T τ +T times lower than the sensitivity of variation in resonant frequency caused by variation in temperature.
Estimation of SAS sensitivity
Computer simulations performed in MATLAB-Simulink environment were based on preliminary research • static characteristic of limiter was described by formula y = arctan(x).
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• gain factor of amplifier was assumed as K=25
• band pass filter, consisted of two sections, each of them described by transfer function: Basing on previous data, system sensitivity factor, expressed in form:
can be estimated as:
Laboratory stand
During our preliminary research at the Department of Process Control at the AGH University of Science and Technology the Self-exited Acoustical System has been developed. System diagram is shown in figure 6 , where amplifier, shaker (E) and receiver (R) are formed in a feedback loop. The shaker (E) was fixed to a stone bar.
The bar was put into a testing machine to create a load. On the beams surface four accelerometers were fixed:
three of them on the same surface as the shaker and the last one directly on the opposite site.
As a result of positive feedback, there is a bilateral interaction between the control device and the vibrating system, which allows the self-oscillating system to control its own energy balance. As a result of that, despite the fact of losses of energy occurring in the system, there are non-fading periodic oscillations. Many applications of the self-oscillating phenomenon are known. These are: the vibrations of cutting tools, turbine blade vibration, vibration of aircraft wings, vibration of bridge suspension, which may cause a destruction of the bridge, such as the Tacoma Bridge, etc. In these systems, we are trying to eliminate these vibrations. The system was intended to measure a change of stress in elastic mechanical structures, construction and rock masses. The purpose of 8 Janusz Kwaśniewski, Yury Kravtsov, Ireneusz Dominik Lech Dorobczynski Figure 6 . Self-exited Acoustical System diagram, where E -shaker and R -receiver this study is to determine the possibilities of using this system for real objects such as bridges, dams, buildings, mines, etc. The sensitivity of this system, for small and large deformation, is higher than the sensitivity of The study used a sample of sandstone compressed in the frame by a hydraulic press (Fig. 7) . In addition, the system was equipped with a force sensor to calculate the compressive stress in the beam in real time. Accelerations were measured by three accelerometers for three reasons:
-to determine what impact the distance from the emitter to the receivers has on the results and the position of resonances,
-to avoid a situation where the sensor is located in a resonance node, which would result in incorrect test results, -to designate the velocity of wave propagation in a material with the correlation methods.
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The study was conducted in three configurations of the position of emitter (E). For a sandstone sample with rectangular cross-section of 60x70 emitting and receiving devices were mounted in the configuration shown in Figure 8 . 
Experimental results
The SAS is designed for measurements of stress in elastic structures including rocks as well as mines, bridges, dams, buildings, etc. Therefore it is necessary to create a universal procedure to detect the change in the strain in objects mentioned above. The designers decided to use first the system to conduct tests in the open loop [3] . To the sample, charged with various compressive forces, was initially given the chirp signal emitted in the frequency range of 100 Hz to 20 kHz. This allowed to obtain the amplitude -frequency characteristics (Fig. 9 ) of the structure with visible resonances (Fig. 10) . Figure 10 presents the movement of the first resonance peak believed to be related to the change of stress in the sample. Changing the frequency respectively equals to 90 Hz. For the closed loop system, which is shown in figure   11 , the frequency change at the same load change is as large as 450 Hz. In addition, the amplitude of vibration is 20-30 times greater than in an open loop system, which makes them more visible and easier to identify.
Thus our experiments have demonstrated an opportunity to detect stress changes in elastic geophysical objects: marble, sandstone and also concrete by means self-oscillating acoustic system (SAS). We hope that similar system might be helpful for stress change detection in rock mass and mines as well as civil engineering objects i.e. bridges, dams and buildings. 
Conclusions
The main thesis presented in this paper is that self-exited acoustical system with the positive feedback allows monitoring of the change of the stresses in elastic structures. The usefulness of this phenomenon for different states of strain and the various sizes of test samples of sandstone, marble and concrete was examined to prove this property. This study confirmed the existence of the self-excitation phenomenon, which can be used to recognize the state of rock mass changeability.
